When a 24-h tube culture of rabbit alveolar macrophages was infected with Sendai virus, the rate of infected cells was found to be limited. Even at a multiplicity of infection (MOI) of 500 plaque-forming units per cell, an average of 63% cells was found to synthesize viral antigens stainable by direct immunofluorescence. When the macrophages obtained from rabbits hyperimmunized by an intravenous injection of Sendai virus were infected under the same in vitro conditions, the rate of antigen synthesis averaged as low as 23%. At the time of infection of alveolar macrophages from immunized rabbits (immune macrophages), cell aggregation at an MOI 50 and cell fusion at an MOI 500 were found 24 h after infection, and these reactions were never encountered after the infection of nonimmune macrophages. When the immune macrophages were either pretreated by trypsin or incubated in medium at pH 4.0, the infection no longer caused the aggregation. The supernatant fluid obtained after incubation at pH 4.0 contained neutralizing antibody to Sendai virus. Conversely, when nonimmune macrophages were incubated in the presence of rabbit anti-Sendai virus serum or purified immunoglobulin G, the same aggregation reaction occurred after virus infection. Ultraviolet light-killed Sendai virus could be used as the counterpart of alive virus in the same aggregation reaction. These results suggest that the aggregation reaction of the immune macrophages could be attributed to the presence of specific cytophilic antibodies on their surface.
When a 24-h tube culture of rabbit alveolar macrophages was infected with Sendai virus, the rate of infected cells was found to be limited. Even at a multiplicity of infection (MOI) of 500 plaque-forming units per cell, an average of 63% cells was found to synthesize viral antigens stainable by direct immunofluorescence. When the macrophages obtained from rabbits hyperimmunized by an intravenous injection of Sendai virus were infected under the same in vitro conditions, the rate of antigen synthesis averaged as low as 23%. At the time of infection of alveolar macrophages from immunized rabbits (immune macrophages), cell aggregation at an MOI 50 and cell fusion at an MOI 500 were found 24 h after infection, and these reactions were never encountered after the infection of nonimmune macrophages. When the immune macrophages were either pretreated by trypsin or incubated in medium at pH 4.0, the infection no longer caused the aggregation. The supernatant fluid obtained after incubation at pH 4 .0 contained neutralizing antibody to Sendai virus. Conversely, when nonimmune macrophages were incubated in the presence of rabbit anti-Sendai virus serum or purified immunoglobulin G, the same aggregation reaction occurred after virus infection. Ultraviolet light-killed Sendai virus could be used as the counterpart of alive virus in the same aggregation reaction. These results suggest that the aggregation reaction of the immune macrophages could be attributed to the presence of specific cytophilic antibodies on their surface.
Evidence is now accumulating that macrophages can restrict virus replication and spread, in animals (7, 14, 23-25, 28, 31) . At the initial stages of these studies, it was generally believed that the macrophage function does not require prior sensitization of the animal but reflects a nonimmunological resistance by macrophages. Recent studies, however, emphasize the specific role of macrophage immunity (1) . Studies with poxvirus showed an unaltered absorption rate but failure to replicate in immune macrophages at the initial stage of infection whether before (1) or after (5) uncoating.
The present study was initially undertaken to explore the interaction of Sendai virus with immune and nonimmune macrophages to see whether macrophages are only instrumental in cell-mediated immunological resistance. As a result, an abortive infectious process was established in nonimmune macrophages after infection with Sendai virus in vitro. Cytophilic antibodies were fond on the surface of immune macrophages, resulting in the aggregation reaction after infection in vitro.
MATERIALS AND METHODS Viruses. The Fushimi strain of Sendai virus was grown in the allantoic cavity of 10-day-old chicken embryos. Allantoic fluids were harvested 72 h after incubation at 37 C. This harvest contained 109-7 plaque-forming units (PFU) per ml when tested in LLCMK2 cell cultures according to the method developed by Sugita et al. (27) .
The Miyadera strain of Newcastle disease virus grown in embryonated egg allantois for 48 h was also used. The titer of the allantoic harvest was 108 4 PFU/ml in assay on chicken embryo fibroblasts (10) .
Hemagglutination and hemagglutination inhibition (HAI) tests. Both tests were carried out by using a microtechnique (21) as previously described (29) .
Rabbits. Male outbred rabbits weighing 3 to 3.5 kg were used as a source of alveolar macrophages.
Procedure for stationary culture of nonimmune alveolar macrophages. The essential procedure for the harvest of alveolar macrophages from rabbits followed the method described by Myrvik et al. (16) . The lungs, together with heart and trachea as a single package, were dissected from rabbits sacrificed by intravenous injection of air. The cannula combined with injector was inserted into the cross-cut end of trachea, and about 40 ml of chilled 0.01 M phos-324 on August 27, 2017 by guest http://iai.asm.org/ Downloaded from phate-buffered saline at pH 7.2 (PBS) was injected into the lungs. After several flushings of the lungs, the fluid was drained into a sterilized bottle. The same procedure was repeated five times, and then a pool of the fluids was centrifuged at 500 x g for 15 min. The packed cells were suspended in RPMI 1640 medium with 10% heat-inactivated rabbit serum, and 106 cells in 1 ml of the medium was seeded in a tube. After incubation for 3 h at 37 C, the medium was drained and the adherent cell sheet was washed with the same growing medium to remove uhattached cells. This adherent cell culture was used for infection after further incubation for 24 h. At the time of infection, the medium in each tube was replaced with a 1-ml aliquot of a maintenance medium consisting of RPMI 1640 medium with 2% heat-inactivated horse serum.
Immunization of rabbits and immune macrophage culture. The virus suspension containing 1011 PFU in 5 ml was intravenously injected eight times at intervals of 3 days. Rabbits were sacrificed 1 week after the final injection, and the alveolar macrophages were harvested, cultured, and infected as above (referred to as immune macrophages). The serum from these immunized rabbits had an HAI titer of 1:2,000, and that from the nonimmunized animals was lower than 1:32. Both groups of sera were pooled from five rabbits and will be referred as reference serum.
Immunofluorescent staining of viral antigens. Immunofluorescent staining for the detection of virus antigen was carried out as previously described (26) . After removal of medium, macrophages in a tube culture were suspended into 10 ml of PBS and centrifuged at 500 x g for 15 VOL. 12, 1975 on August 27, 2017 by guest http://iai.asm.org/ Downloaded from after Sendai virus infection were made by counting (i) the number of viable cells by the trypan blue dye exclusion method, (ii) the number of antigen-synthesizing cells by immunofluorescent staining, and (iii) the number of cells with positive hemadsorption. Inoculation of nonimmune macrophages was made with an input MOI of 500, 50, and 5 in RPMI 1640 medium containing 2% heat-inactivated horse serum; these examinations were made at 6, 12, 24, and 48 h after infection. The results show the initial detection of hemadsorption-positive cells at 6 h ( Fig. 2C ) and antigen-synthesizing cells at 24 h at MOIs of 500 and 50 (Fig. 2B) . At an MOI of 5, these incidences of infection could hardly be detected through 48 h. The decrease in viable cells almost exactly correlated with the increase in antigen-synthesizing cells at MOIs of 500 and 50. At an MOI of 5, the number of viable cells were almost equal to that in the noninfected control culture.
Even at an MOI of 500, the rate of antigensynthesizing cells at 48 h averaged 63% (55 to 92%), and this was confirmed in repeated experiments. However, using the same inoculum virus, when the control experiments were carried out in HeLa, L, and RK13 cell cultures in the above medium at MOIs of 500 and 50, virtually 100% of the cells revealed positive immunofluorescent staining at 48 h. Thus it is evident that an unknown mechanism is working that restricts the number of infectious centers when nonimmune macrophages are infected with Sendai virus. Moreover, infectious proge- Reduced number of antigen-synthesizing cells when immune macrophages are infected. When cultures of Sendai virus-immune macrophages were infected under the same conditions as described above and examined by the same method, the results illustrated in Fig.  3 were obtained. As is evident in Fig. 3B and C, the numbers of both antigen-synthesizing and hemadsorptive cells were quite reduced when compared with the numbers obtained in nonimmune macrophages shown in Fig. 2 . However, it should be noted that the decrease in viable cells at MOIs of 500 and 50 was almost comparable with that in nonimmune macrophages at 48 h after infection (Fig. 3A) rophages. Immune macrophages were obtained from rabbits hyperimmunized by eight intravenous injections of Sendai virus. When 50 ml of the reference rabbit antiserum against Sendai virus was passively given to normal rabbits by intravenous injection and alveolar macrophages obtained from recipient rabbits 24 h after injection were used for the same in vitro infection at an MOI of 50, these macrophages showed the aggregation reaction 24 h after infection ( Table  1) . The appearance and intensity of the aggregation reaction could not be discriminated for those of macrophages obtained from actively immunized rabbits. This strongly suggests that the macrophages from the nonimmune rabbit could be converted to the macrophages of immune rabbits whenever the passively given antibody to Sendai virus was present.
Considering this, the nonimmune macrophages incubated in vitro in RPMI 1640 medium with 10% reference rabbit antiserum for 24 h at 37 C were examined for the occurrence of the aggregation reaction. Again, the same but moderate aggregation reaction occurred at 24 h when cultures were infected at an MOI of 50 (Table 1) . When these cultures were not infected, no aggregation reaction followed (data no shown).
When the purified immunoglobulin (IgG) fraction through (NH4)2S04 precipitation and diethylaminoethyl chromatography obtained from the reference antiserum possessing the same HAI activity was substituted for antiserum, the same aggregation reaction occurred.
This may indicate the IgG nature of a factor responsible for this aggregation reaction.
Attempt to convert immune macrophages to nonimmune macrophages by mild trypsin treatment. These experimental results, in particular the ones on the possible in vitro transfer of the aggregation by incubation with anti-Sendai virus IgG, strongly suggested that macrophages obtained from immune rabbits were different from nonimmune macrophages in that they harbored cytophilic antibody on their surface. To prove this, an attempt was made to treat immune macrophages with 0.05% trypsin for 20 min at 37 C, followed by one incubation in the presence of 10% normal rabbit serum and another in the presence of 10% immune rabbit serum for 24 h (6, 9, 11, 19). Although such trypsin treatment resulted in almost 30% cell death as judged by the dye exclusion test, when the trypsin-treated immune macrophages were incubated in the medium containing normal serum, they were no longer aggregated after virus infection (Table 1 ). In contrast, the macrophages in a parallel culture incubated in 10% reference immune serum for a further 24 h after trypsin treatment revealed a typical aggregation reaction as expected.
The concentration of trypsin (0.05%) and the period of treatment (20 min) were determined after repeated preliminary experiments in which the presence of IgG on the surface of the macrophages was examined by vital staining with immunofluorescent goat serum against rabbit IgG (Fig. 4) . By this means, the procedure of trypsin treatment here used was found to remove almost all rabbit IgG on the macrophage surface. When these macrophages, after trypsin treatment, were again incubated in the medium containing normal or immune rabbit IgG for 24 h at 37 C, these cells again turned out to be stainable by immunofluorescent antibody against rabbit IgG. Thus, the presence of cyto-VOL. 12, 1975 Tables 4 and 5 ).
c Alveolar macrophages harvested 24 h after intravenous transfer of 50 ml of antiserum.
philic IgG on the surface of such macrophages, the possible removal of these IgG after trypsin treatment, and the possible replacement with other IgG by mere addition of IgG to the culture were visualized. In another control study, in which normal macrophages that might be covered with another kind of cytophilic antibody were treated with trypsin and incubated in a new medium containing 10% reference immune serum, the same aggregation reaction followed Sendai virus infection (Table 1) .
Serological specificity of cytophilic antibody recovered from immune macrophages.
The results described above may indicate that the mere addition of rabbit IgG to nonimmune macrophages is responsible for the aggregation reaction after virus inoculation and that these surface-distributed antibodies can be removed after mild trypsin treatment.
However, more direct evidence was thought necessary to show whether the removal of a specific antibody molecule from the surface of immune macrophages was correlated with the disappearence of this aggregation reaction. Two methods were adopted for recovering the cytophilic antibody, if any, without impairment of the surface of these immune macrophages. One was the method reported by Holtzer (8) , in which macrophages were incubated at 56 C for (Tables 2 and 3 ). The latter method was more favorable in that virtually none of the cells were killed after the treatment judging from the dye exclusion test. In both methods, the surface IgG as judged by membrane fluorescence with antirabbit IgG was successfully removed.
On this experimental basis, the removal of cytophilic antibody from immune and nonimmune macrophages was conducted by pH 4 .0 treatment for the replacement study with newly added IgG. When in vivo immunized alveolar macrophages received this pH 4.0 treatment and were incubated in normal serum, no more aggregation occurred. When incubated in immune serum, strong aggregation occurred. Furthermore, when this incubation was made in IgG that contained twice as much HAI titer when compared with the reference immune serum, strong aggregation led to the fusion reaction even at an MOI of 50 (Table 4) . When nonimmune alveolar macrophages were treated exactly in the same manner, the same replacement effects were found (Table 4) .
Aggregation reaction of immune macrophages after infection with UV-irradiated Sendai virus. At the beginning of this study, when immune macrophages to Sendai virus were infected in vitro with Sendai virus, the aggregation reaction occurred at 24 h. However, this does not necessarily mean that the synthesis of new virus antigen is a prerequisite for this aggregation reaction. The added inoculum virus might be responsible for binding two antibody molecules on the surface of macrophages.
To prove this, UV-irradiated Sendai virus was used for the infection at an MOI of 500. As a result, an aggregation reaction occurred again at 24 h, although no cytopathogenic effect nor viral antigen synthesis was found in the culture. This suggests that the addition of specific antigen to the macrophages harboring cytophilic antibody may be the minimum require- 
DISCUSSION
This experiment was initially intended to compare the growth characteristics of Sendai virus both in nonimmune and immune alveolar macrophages. However, the infectious process of Sendai virus in nonimmune macrophages was found to be an abortive one, which made it difficult to seek the real inhibitory function of antigen synthesis in immune macrophages. Instead, as the most conspicuous difference between immune and nonimmune macrophages, the aggregation or fusion reactions were noticed 24 h after infection and the main experiments VOL. 12, 1975 on August 27, 2017 by guest http://iai.asm.org/ Downloaded from were devoted to looking for a factor responsible for this reaction. As a result, this aggregation was ascribed to the presence of the cytophilic antibody directed to Sendai virus on the surface of imrnune macrophages.
Immune macrophages in vitro have been known to cause cell aggregation or cell fusion as a result of specific antigen stimulation (3, 4, 6, 9, 12, 13) . The principle responsible for this aggregation or fusion has been explained (i) by a kind of lymphocyte mediator such as macrophage aggregation factor (MAF) (12, 13) or macrophage fusion factor (MFF) (3, 4) and (ii) by cytophilic antibody (6, 9) . In those studies, however, only bacterial antigens were used. For example, in the experiments conducted by Lo- Table 2. lekha et al. (12, 13) , when purified protein derivative was added to a suspension of peritoneal exudate cells derived from BCG-sensitized guinea pigs, aggregation of peritoneal macrophages was observed after 24 h of incubation at 37 C (12) . Furthermore, the supernatant fluids obtained from lymphoid cell cultures with specific antigen caused aggregation of nonsensitive macrophages; this was explained by the release of MAF from sensitized lymphoid cells in culture. The production of MAF in lymphoid cells was sensitive to the actions of actinomycin D and puromycin (13) .
When the same kind of experiment was conducted by Galindo et al. (3, 4) with alveolar macrophages obtained from rabbits sensitized with heat-killed Mycobacterium (H37Ra), these cells showed extensive development of cell fusion after 12 h of incubation in the presence of heat-killed H37Ra (3). This fusion was found to be mediated by MFF (4). When MAF or MFF is added to nonsensitive macrophages, aggregation occurs in the absence of antigen, which may distinguish the reaction caused by MAF or MFF from that caused by cytophilic antibody.
Another line of evidence reveals that such an aggregation reaction of immune macrophages is caused by cytophilic antibody (9) . When immune macrophages to Salmonella typhimurium (17) . This is the point which we could not precisely illustrate, and such quantitative analysis is now in progress.
Although the findings reported here support the presence of cytophilic antibody on the surface of macrophages in immune animals, other mechanisms or functions that may be more important in helping immune animals resist reinfection (2, 5, 18, 22, 30) are in need of further extensive studies.
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